ABSTRACT
remain susceptible to CHX, with few reports of resistance (10) . However one recent study (6) 
98

RESULTS AND DISCUSSION
99
Selection for Chlorhexidine Tolerant Variants.
100
To determine how S. mutans may adapt to repeated CHX exposures over time, we 
111
consistent with a prior report on the MIC of CHX for S. mutans (10) . No colonies could be 112 obtained in the first round of plating on BHI agar plates supplemented with 0.75 g mL -1 CHX.
113
Ten individual bacterial colonies were selected from the 0.5 g mL -1 plate, designated as CTV1s
114
(CHX tolerant variants from the 1 st generation) and grown overnight in BHI broth. Cultures were 115 diluted and regrown to OD600 nm = 0.5, diluted to 1x10 6 CFUs and 0.1 ml of each of the 10
116
individual CTV1 cultures were spread on BHI agar plates containing either 0.75, 1.0 or 1.25 g 117 mL -1 CHX, establishing 10 independent lineages moving forward to the second generation.
118
Individual colonies were obtained on plates with all three concentrations of CHX. One colony
119
was selected from each of the 1.25 g mL -1 CHX plates to move forward to the third generation.
120
After growth to OD600 nm = 0.5 and dilution to 1x10 6 CFUs, these 10 CTV2s were then plated on 121 
126
To confirm that the selected seven CTV3s had elevated tolerance to CHX, an MIC test 127 was conducted ( Figure 1B ). All CTV3s were grown to OD600 = 0.5, then diluted 1/100 into the Figure 2B ). Some variants, including CTV3-3, CTV3-8 and CTV 3-10,
167
showed little difference in doubling times in the presence of absence of 0.75 g mL -1 CHX.
168
These data confirm that the selected CTV3s are more tolerant of CHX than the parental strain, Figure 2D ). Some of the variants, including CTV3-
182
3 and CTV3-7, actually displayed shorter doubling times and higher final yields when grown with
183
CHX, compared with BHI at pH 5.5 with no added CHX. One possible explanation is that the 184 variants have changes in the the phospholipid profile that allows them to be more toleratant of,
185
and/or more rapidly adapt to, the low pH challenge.
186
The ability of the CTVs to compete with the parental strain and to form biofilms was also 187 assessed. For competitive index measurements, a marked parental UA159 that included 188 integration of an antibiotic resistance marker from pMC340B, which allow for single copy 189 integration of a kanamycin resistance marker in the mtlA -phnA locus (18), was competed
190
against unmarked UA159 and the CTV3s ( Figure 2E ). In planktonic cultures, CTV3-3 and
191
CTV3-10 were more competitive against UA159, whereas CTV3-9 was less competitive. These 192 differences are consistent with the different growth rates displayed by UA159 and these CTV3s.
193
In terms of biofilm formation, very little difference was observed in the biofilm biomass that
194
formed in the chemically defined medium FMC with 20 mM glucose ( Figure 2F have different modes of action using the Etest Strip Assay (Table 2) . We saw no change in 216 susceptibility to antibiotics that inhibit peptidoglycan cross-linking (amoxicillin, vancomycin), but 217 drastic changes in bacitracin and daptomycin were evident (Supplemental Figure 1) . All 218 variants, except for CTV3-9, displayed increased susceptibility to bacitracin, and all variants 219 except for CTV3-1 showed higher MICs to daptomycin. The latter result is consistent with the 220 fact that CHX and daptomycin target the cell wall (19, 20) . Interestingly, the CTV3s showed 221 reduced susceptibility to clindamycin, which inhibits protein synthesis through binding to the 50S 222 ribosomal subunit (21), perhaps associated with decreased permeability or increased export of 223 the drug in the CTV3s.
224
We next wanted to examine the susceptibility of the CTV3s to two compounds 225 commonly used to prevent oral infectious diseases: triclosan and sodium fluoride. Triclosan is a 
254
To explore this idea, we investigated the antagonistic interactions of our CTV3s with 255 species of commensal streptococci that are generally abundant and associated with dental 256 health in humans. We measured bacteriocin production by our CTV3s using a deferred Figure 2) . We noted that the amino acid (aa) substitution G131S occurring 315 within CTV3s 6, 7 and 9 arose within beta sheet 6 and was a naturally occurring substitution 316 found within human cerimide kinase CERK, a member of the DGK superfamily (Pfam00781).
317
The mutation causing G164D, found in CTV3-1, was a substitution occurring within DGK, a 
448
MATERIALS and METHODS
449
Bacterial Strains and Growth Conditions.
450
S. mutans wild-type strain UA159 and its derivatives (Supplemental Table 2 
510
Measurements of Biofilm Biomass.
511
Selected strains were grown from overnight cultures to mid-exponential phase after a 
526
ETEST Antibiotic Susceptibility Testing.
527
Selected strains were grown from overnight cultures to mid-exponential phase after a 528 1:20 dilution in BHI broth at 37ºC in a 5% CO2 atmosphere. 10 μL from the mid-exponential 529 culture was then added to 10 mL soft BHI agar (0.75% agarose) and overlaid on to BHI agar 530 plates. Once solidified, ETEST strips (bioMérieux, Inc., Durham, N.C.) containing either 531
Amoxicillin, Azithromycin, Bacitracin, Clindamycin, Daptomycin or Vancomycin when then 532 laid over the agar with sterile forceps. After 48 h of growth at 37°C in a 5% CO2 aerobic 533 atmosphere, the agar plates were examined, imaged and lowest MIC recorded where no growth 534 was visible. Two independent observers (J.K. and M.G.) interpreted the agar dilution and
535
ETEST MICs. While a specific blinding protocol was not used, neither observer had knowledge 536 of the other's measurements prior to making their own MIC determinations. Discrepancies were 537 resolved by consensus. Each strain was plated three times from three independent biological 538 replicates.
540
Bacteriocin Overlay Assays.
541
Selected strains were grown from overnight cultures to mid-exponential phase after a 542 1:20 dilution in BHI broth at 37ºC in a 5% CO2 atmosphere. Using a toothpick, the strains were 543 stabbed into BHI agar and incubated for 24 h in a 5% CO2 atmosphere at 37°C. The following 544 day, 10 mL soft BHI agar (0.75% agarose) was inoculated with either 10 μL Streptococcus sanguinis SK150 or Streptococcus gordonii DL1 overnight culture. The soft agar with bacterial 546 indicator strain was overlaid onto the BHI agar plates with stabbed S. mutans colonies. After 24 547 h, plates were imaged and zones of clearance were calculated using ImageJ image analysis 548 software. This experiment was repeated twice with three independent biological replicates in 549 each experiment. Statistical analysis was performed using the Student's T-Test.
551
Agar Spot Competition Assays.
552
Selected strains were grown from overnight cultures to mid-exponential phase after a 553 1:20 dilution in BHI broth at 37ºC in a 5% CO2 atmosphere. Each strain (7 μL) was then 554 inoculated adjacent to one another on agar plates as follows: S. sanguinis SK150 first and to the 555 left, followed by S. mutans UA159 or CTV3 strains after the SK150 spot has dried. The plates 556 were incubated for 48 h at 37°C, in 5% CO2 prior to imaging. This experiment was repeated 557 twice with three independent biological replicates in each experiment.
559
Construction of Bacterial Strains.
560
Mutant strains of S. mutans (Supplemental Table 3 ) were created using a PCR ligation 561 mutagenesis approach as previously described (Lau et al., 2002) . Briefly, 700 bp fragments 
572
Whole Genome Sequencing and SNP Calling.
573
For whole genome shotgun sequencing, genomic DNA were isolated from both the 574 parental UA159 and each of the seven CTV3s using Wizard ® Genomic DNA Purification Kit 
595
(Supplemental Table 3 ). The raw reads from all genomes we sequenced for this study are available to download from the NCBI SRA under accession numbers SAMN10743465 -597 SAMN10743475 (Supplemental Table 4 ).
599
Western blotting.
600
Bacterial strains were grown in BHI at 37°C until they reached an OD600 nm ~ 0.8. Cells
601
were harvested by centrifugation at 3500 g for 10 min, spent media was discarded, and cell 602 pellets were stored overnight at -20°C. The following day, pellets were re-suspended in 500 µL 
